Summary
We In Japan, revision of the "Recommended Dietary Allowance (RDA)" has been done every 5 y since 1970 by the Ministry of Health, Labor, and Welfare. During these 3 decades, the life span of Japanese has extended and retained the first position in the world. This distinc tion may be attributed to the fact that the nutritional guidance and health promotion programs are excellent E-mail: kshibata@shc.usp.ac.jp in Japan. In particular, in June 1999, "The 6th revision of the Japanese RDA-Dietary Reference Intakes (DRIB)-" (1) was laid down by the Ministry of Health, Labor, and Welfare. In this revision, the dietary refer ence intakes of all of the water-soluble vitamins (vita min B1, vitamin B2, vitamin B6, vitamin B12, niacin, pantothenic acid, folic acid, biotin, and vitamin C) were first established. However, many RDAs were determined based on reports from foreign countries. So, we mea sured the values for the blood and urine of Japanese adult male and female subjects, who ingested a diet pre scribed by "The 6th revision of Japanese RDA-DRIs-" (1) to assess the validity for the DRIs of water-soluble vitamins.
In clinical examination, blood values are used for assessment of vitamins, but in a nutritional examina tion, those values would not be suitable sometimes. As a general rule, the concentrations of nutrients in the body are well controlled in healthy subjects. We think that the concentrations of water-soluble vitamins in the blood are kept almost constant in healthy adult subjects but that the urinary amounts are relatively varied, because the excess water-soluble vitamins are excreted into the urine. In other words, the blood concentrations of water-soluble vitamins would be kept constant when the subjects have ingested a more than adequate amount of nutrients, whereas the urinary excretion of water-soluble vitamins would vary, because the require ments of nutrients are different among subjects. There fore, the measurement of urinary excretion of water soluble vitamins should be the most reliable index for nutritional status of water-soluble vitamins. So, we investigated the water-soluble vitamin contents in the urine when subjects were given a diet based on the rec ommended Japanese DRIs. As far as we know, this study is the first of its kind. The values listed in the present paper will be useful as indices for evaluating the nutri tional status of water-soluble vitamins.
MATERIALS AND METHODS
Subjects. Healthy Japanese college students, consist ing of 10 males and 10 females, participated in the present experiment. Their ages, body weights and heights are shown in Table 1 . Prior to the experiment, they had physical checkups, and their hematological and blood biochemical analyses showed normal values. This study was reviewed and approved by The Ethical Committee of The Incorporated Administrative Agency of Health and Nutrition.
Diet and experimental design. All subjects were housed in the same facility for 9 d. The experimental design is shown in Fig. 1 were turned off at 22:00 in order to promote sleep and the subjects got up at 06:00. The breakfast time was 08:00-09:00, lunch 12:30-13:10, and dinner 18:30 -19:00. They consumed a semi-purified diet based on Japanese DRIs during experiment. The composition and the amount of the semi-purified diet are shown in Table  2 for males and in Table 3 Tables 2 and 3) , and minerals (see Tables  2 and 3) were purchased from Wako Pure Chemical Industries (Osaka, Japan). Rapeseed oil was purchased from Ajinomoto Co. Ltd. (Tokyo, Japan). Coconut oil and lard were both obtained from Clea Japan (Tokyo, Japan). "Fibersol," used as a soluble dietary fiber, was obtained from Matsutani Chemical Industries (Osaka, Japan) and "Ramie powder," used as an insolublee dietary fiber, was from Tosco (Tokyo, Japan).
Thiamin hydrochloride (C12H17C1N4OS-HC1=337.27), HPLC-lumiflavin method of Ohkawa et al. (5) modified slightly. Urinary concentration of riboflavin was ana lyzed according to the method of Ohkawa et al. (6) . Vitamin B12 (cyanocobalamin): Serum vitamin B12 concentration was determined by using a fully auto mated chemiluminescence analyzer (ACS 180; Beck man Coulter, Inc.) according to the manufacturer's instructions. The serum, prepared in the usual way, was directly applied to the analyzer.
Vitamin B12 concentration in urine was assayed by the microbiological method with Lactobacillus delbrueckii subsp. Iactis ATCC 7830 (7).
Niacin: The total nicotinamide content in whole blood was measured by the method of Shibata et al. (8) .
The quantities of Nam, 2-Py and 4-Py in urine were measured simultaneously by the HPLC method of Shi bata et al. (3) . The content of MNA was measured by the method of Shibata (9) .
Pantothenic acid: The heat-extracted supernatant of whole blood was treated with a mixture of 2 enzymes (phosphatase and amidase) for decomposing bound pantothenic acid such as CoA, phosphopantetheine, and pantetheine to form free pantothenic acid (10 Table 4 . Blood values of water-soluble vitamins for Japanese college students who consumed on a semi-purified diet based on the Japanese dietary reference intakes. Table  4 . The values were almost the same between the 2 groups. Hiraoka (25) reported that the mean value and the reference interval were 225pmol/mL and 154-311pmol/mL, respectively, for the blood riboflavin levels of healthy female students aged 21-22y whose intake of vitamin B2 was above the RDA. The value obtained in the present study coincides with their data. There is a paper stating that over 180pmol/mL of vitamin B2 in whole blood indicates a well-nourished individual (16) . In the present experi ment, only one person was below the value. Therefore, the RDA of vitamin B2 in the 6th revision would be eval uated as good. The vitamin B2 content in urine is shown in Table 5 . The values were almost the same between the male and female students. Roughead and McCormick (26) reported that the amount of urinary riboflavin deter mined by the HPLC procedure exceeded 319nmol/d under conditions of riboflavin intake of ca. 1.5mg/d in healthy residents of rural Georgia, USA. Two of our sub jects were below the value of 319nmol/d. Urinary ribo flavin separated from other flavin derivatives including catabolites by HPLC is considered to be useful for esti mation of the vitamin B2 requirement. The average in our study was ca. 550nmol/d and the range was 155 to 1,208nmol/d. Vitamin B12
The concentration of vitamin B12 in serum reflects both vitamin B12 intake and storage. The lower limit (cut-off value) of the serum vitamin B12 concentration is considered to be approximately 0.12-0.18pmol/mL for adults (16) . The serum concentrations of vitamin B12 found in the present study are shown in Table 4 . These values are over the cut-off value, and so the RDA in the 6th revision was evaluated as good. But, the diet 
